Sour citrus fruits are widely cultivated, and are consumed as foods and beverages, and used as fragrances in cosmetics throughout the world. Some among them, sour citrus fruits such as lemon and lime, are widely known. 1, 2) On the other hand, Citrus junos Tanaka (Yuzu), Citrus sphaerocarpa Tanaka (Kabosu), and Citrus sudachi Hort. ex Shirai (Sudachi) are popular in Japan, and there is a custom of squeezing sour citrus juices on grilled fish and on foods served in the pot. The volatile organic compounds of these Japanese sour citrus fruits prepared by cold-pressing or solvent extraction have been investigated by gas chromatography-mass spectrometry (GC-MS).
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The sour citrus fruit Citrus nagato-yuzukichi Tanaka was discovered in the Kitaura District centering on Tamagawa in Hagi, Yamaguchi Prefecture, Japan, and has been classified as a close relative of C. junos, C. sudachi, and C. sphaerocarpa based on morphological characteristics. Although it was called ''yuzukichi,'' it is now classified as a new kind of sour citrus, named ''nagato-yuzukichi. '' 8) The whole fruit is 4-6 cm and has a weight of 50-110 g. The color is deep green. It has been evaluated that nagato-yuzukichi fruit is very juicy as compared to the other Japanese sour citrus fruits, and that it has the characteristic odor of C. sudachi, but there are no reports concerning the components and odor of the volatile organic compounds in the essential oil of C. nagato-yuzukichi. The aim of this study was to identify the volatile organic compounds in C. nagatuyuzukichi obtained from simultaneous distillation-extraction by GC-MS, and to characterize the composition as compared with those of other Japanese sour citrus fruits, C. junos, C. sphaerocarpa, and C. sudachi. Furthermore, we attempted to evaluate the odor of oil in C. nagato-yuzukichi and those of other Japanese sour citrus fruits with an electric nose.
Green fruits of C. nagato-yuzukichi, C. junos, C. sphaerocarpa, and C. sudachi in mature consumable stage were obtained from August to November 2006 from the Ohshima Citrus Research Institute, Yamaguchi, Japan. The whole fruits were cut into small pieces (2 cm) and were stored at À20 C until used. Each sour citrus fruit (100 g) was homogenized with distilled water (200 ml), and then the homogenate was immediately subjected to simultaneous distillation-extraction for 2 h with pentane-dichloromethane (2:1, 150 ml) as extraction solvent. The extracts were dried over Na 2 SO 4 and concentrated (293 mm Hg) at 40
C to obtain the essential oils. The oil was kept under nitrogen at À20 C until analyzed. The extracts were analyzed and the volatiles were identified using a Shimadzu QP-5050 GC-MS (Shimadzu, Kyoto, Japan) equipped with a capillary column of DB-WAX (0.25 mm i.d. Â 60 m, 0.25 mm film thickness). The oven temperature was programmed from 50 to 230 C at a rate of 2 C/min. The injection port and ionizing source were kept at y To whom correspondence should be addressed. Tel: +81-83-933-5851; Fax: +81-83-933-5820; E-mail: akakabe@yamaguchi-u.ac.jp Biosci. Biotechnol. Biochem., 72 (7), [1965] [1966] [1967] [1968] 2008 Note
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C and 230 C respectively. Helium was the carrier gas, at flow rate of 1.5 ml/min. The retention indices were determined for all constituents using a homologous series of n-alkanes. Individual components were identified by comparison of retention indices 9, 10) and their mass spectra were compared with those of authentic standards.
The essential oils of C. nagato-yuzukichi were obtained in 0.44% yield by simultaneous distillationextraction. The other oils from C. junos, C. sphaerocarpa, and C. sudachi were obtained in 1.44%, 0.62%, and 0.41% yield respectively. The amount of essential oil obtained from C. junos was higher than the other oils. A portion of these oils was diluted with dichloromethane to the equal final concentration of 10% (w/v), and the samples were subjected to the GC-MS. Table 1 shows the composition (peak area %) of volatile organic compounds identified in the essential oils of these four ; one ester, 0.08%; one ketone, 0.20%) in C. sudachi were identified and classified. The composition pattern in the oil of C. nagato-yuzukichi was similar to that of C. sudachi. However, the content of limonene was lower than in the other sour citrus fruits, whereas those of -phellandrene and 4-terpineol among monoterpenes were higher. In particular, the octanal and decanal concentrations in the class of aldehydes were higher than in the other sour citrus oils. Furthermore, it has been reported that essential oil components extracted from C. sudachi and Citrus inflata (Mochiyuzu) by cold-pressing were analyzed by GC-MS, 5) and that the most abundant compound was limonene (69.0 and 77.2%), and that significant amounts of -terpinene (7.5%) and -phellandrene (7.2%) in C. sudachi and of myrcene (20.6%) in C. inflata were detected. Sesquiterpene hydrocarbons constituted 8.4% in C. sudachi, but only 0.6% in C. inflata. -Elemene (2.8%) and (E,E)--farnesene (2.2%) were the major components of C. sudachi.
The essential oil components extracted from the peel of two varieties of lime fruit, Mexican lime (Citrus aurantifolia Swingle) and Australian native lime (Microcitrus australe), have been analysed by GC-MS. 1) In both limes, the major component was limonene, and the amounts were 35.1 and 30.5% respectively. Significant amounts of -terpinene (11.2 and 19.2%), -pinene (13.1 and 7.9%), geranial (7.3 and 5.9%), neral (4.5 and 3.8%), neryl acetate (0.1 and 2.2%), and geranyl acetate (0.4 and 0.5%) were also detected. Furthermore, analysis of fresh juices from four Italian cultivars of lemon (Citrus limon Burm) by headspace solid phase microextraction coupled with GC-MS showed that limonene was the most abundant monoterpene in all juices (54.1-68.8%), followed by -terpinene (6.8-11.4%), -pinene (2.6-6.5%), terpinolene (1-1.7%), and -myrcene (1-1.5%).
2) The concentration of limonene in the limes and lemons was lower than in Japanese sour citrus fruits. The amounts of -terpinene, -pinene, and terpinolene were rather higher than those in Japanese sour citrus fruits, whereas the concentration of -myrcene was lower.
Comparing the results, it was found that the composition pattern in the oil of C. nagato-yuzukichi was similar to that of C. sudachi. Aroma components present in C. junos and in C. sphaerocarpa were also detected in the oil of C. nagato-yuzukichi.
The volatile compositions of the cultivars are responsible for their characteristic citrus notes. It has been evaluated that the odor of essential oil in C. nagatoyuzukichi resembled that of C. sudachi in Japanese sour citrus fruits. To determine whether the odors of Japanese citrus fruits can be distinguished from each other, odor evaluations were performed with an electronic nose (Fragrance and Flavor Analyzer, Shimadzu FF2A, Kyoto, Japan) using the oils. The sensor array is composed of 10 metaloxide semiconductor types. An odor paper containing the oil (10 mg) was put into a sample bag with a volume of 2 liters. Then the bag was closed and allowed to equilibrate in the headspace for 1 h. Then the headspace gas was pumped over the sensors of the electronic nose. Principal component analysis (PCA) was applied to these sensory data with SPSS statistical software (SPSS, v 15.0). As shown in Fig. 1 , principal component 1 (PC1) explained 94.57% of total variation, while 3.07% of it was explained by principal component 2 (PC2). PCA analysis on a twodimensional plane, PC1 and PC2, indicated the variation of each oil along PC1. The oils of C. junos and C. sphaerocarpa showed a clear upward displacement as compared with those of C. nagato-yuzukichi and C. sudachi. The system had enough resolution to explain the oils of these sour citrus fruits. Because -myrcene Volatile Components of Citrus nagato-yuzukichiwas the major component after limonene in the oil of C. sphaerocarpa, and the amount was higher than the other oils, it is possible that monoterpene might have contributed to the overall odor of the oil of C. sphaerocarpa. Based on the PC1 analysis, the odor quality of C. nagato-yuzukichi was similar to that of C. sudachi, but not to those of C. junos or C. sphaerocarpa. It was confirmed that the amounts of monoterpenes, such asphellandrene, -myrcene, -terpineol, -terpinene, and -pinene, and of sesquiterpenes, such as (E,E)--farnesene, were very similar to that of C. sudachi. On the other hand, in PC2, the oils of C. nagato-yuzukichi and C. sudachi showed a displacement in a negative direction and a positive one respectively. Aldehydes such as octanal, nonanal, decanal, which carry sweet, citrus, sour, and metallic odor descriptions, 3) were detected in the oil of C. nagato-yuzukichi, whereas the concentration of cymene was higher than the other oils. Based on these results, it is possible that these components contribute the overall odor quality of C. nagato-yuzukichi.
In conclusion, we found that the essential oil obtained from C. nagato-yuzukichi had characteristic aroma components, and that it might be an acceptable alternative to valuable Japanese sour citrus fruit and oil.
